Summary:
In 
Introduction
Digital subtraction angiography (DSA) has various applications in clinical cardiology (Mistretta et al. 1982) , including the diagnosis of aortic aneurysm, and congenital malformation, as well as the assessment of cardiac function (Ikeda et al. 1985; Higgins et al. 1982; Engels et al. 1982; Nichols et al. 1983 ., Tobis et al. 1984 . One of the fundamental methods for hemodynamic study is a serial volume assessment of the heart chambers. This has been determined by an area-length method in conventional cineangiography involving an extremely tedious process. by threshold method (Weszka, 1978) using a 30% cut off level of the peak brightness (density), and then total density and number of pixels in each ROI were measured with densitometry.
Clinical study: X-ray exposure condition was comparable to the experimental study, although the acrylic block was not used. Digital subtraction angiography of the left ventricle was performed for 20 seconds with "super -pulse" image mode . A mask image was obtained by averaging 30 frames prior to injection of contrast medium. Then 76% Urografin (35 to 40ml) was injected into superior or inferior vena cava at a rate of 7 to 15ml per second.
Digital subtraction of the mask image from each contrast image was performed in real time and was recorded on the digital magnetic disk in the DSA apparatus. low the same manner as the experimental study, repeated injections of contrast medium were not acceptable in human cases. Nine different images were, therefore, constructed from a stored image by changing the grey scale width. The original grey scale width of the DSA images was set with 10 bit, 1024 steps, where 0 showed the most dark grey scale level and 1023 showed most bright level. Then the grey scale width was altered artificially to nine different sets, from 150 to 950 steps with a interval of 100 steps. At these settings, a density level below the range of the modified grey scale width was defined as 0 (baseline) and that exceeding the range was expressed as the highest grey scale level. For example, if the grey scale width was altered to 600 steps with a baseline level of 100, all pixels whose density was 100 or less were displayed as 0 and the pixels with the density of 700 or more were displayed as 255. The pixels with a density between 100 and 700 were clipped and displayed in 256 steps in a linear fashion. With this modification, ejection fraction was calculated with videodensitometry in 9 different settings.
In addition, left ventricular volumes were determined with densitometry in 34 cases with various heart diseases and were compared with those obtained by the arealength method (Sandler and Dodge, 1968) .
Results
Experimental study: Table  1 shows re- As the magnification ratio in DSA was kept constant, pixel numbers should be theoretically identical for the same phantom under any condition.
The number of pixels of the 8 phantoms was comparable in the experiments with 7.6% and 3% Urografin solutions. However, in 1% Urografin solution, the number of pixels in the smallest 3 phantoms (phantom # 1-3) were less than those obtained in 3% and 7.6% solution (Fig.3) .
The total density of the phantoms normalized by their real volumes is shown in Fig.4 Figures 7 and 9 show an experimental phantom and clinical example of circumferential density profile curves (Burow et al. 1974) in appropriate settings, which were displayed at every 10 degrees. In the experimental phantom, the density profile curves show semicircular patterns through 0 to 90 and 180 to 270 degrees (left) and a quarter circle pattern through 90 to 180 and 270 to 360 degrees (right). In the cli- nical left ventriculogram (Fig.9) , similar circular circumferential profile curves are observed. In contrast, circumferential density profile curves manifest trapezoid patterns, as shown in Fig.8 (phantom) and Fig.10 (left ventriculogram) .
This would indicate that saturation of density may occur in too high contrast medium concentrations or improper gain settings of the instrument.
Clinical study: Table 2 shows a relation of different density width settings to enddiastolic total densities, end-systolic total densities, and densitometrically calculated ejection fractions. Ejection fraction did not vary in the larger density width settings (bottom five rows), while it was smaller in narrower density width settings (above four). Figure 6 compares left ventricular volumes calculated by the area-length method with left ventricular density by videodensitometry, using intravenous DSA. There was a good correlation between the two valves with the correlation coefficient of 0.93(p<0.001).
Discussion
Several factors could possibly influence heart volumes measured by densitometry. They include; 1) linearity between volume of the left ventricle or phantom and X-ray force penetrating through them, 2) error of automatic or manual ROI setting, 3) Xray exposure condition, 4) concentration of contrast medium.
It is generally known that the X-ray force penetrating through objects decreases exponentially with increasing mass. The X-ray system used in this study had a logarithmic amplifier to regain the linear output of the penetrated X-ray force.
In the semi-automatic ROI setting, 10 
